Root systems of tomato plants containing large numbers of Meloidogyne females parasitized by Bacillus penetrans were obtained by inoculating the plants with second-stage juveniles infested with spores. These roots were air-dried and finely ground to produce a powdery material which was light, easily handled and stored. A bioassay was developed to enable comparison of the potency of different preparations of the parasite. Such preparations have potential as microbial nematicides. One preparation was incorporated into soil at a rate of 100 mg/kg, and within 24 hours 99% of the Meloidogyne juveniles in the soil were infested with B. penetrans spores.
Bacillus penetrans (Thorne)
is an obligate parasite of plant-parasitic nematodes.
Spores of those populations which parasitise root-knot nematodes adhere to second-stage juveniles in soil and germinate after the nematodes enter roots and initiate feeding. Germ tubes penetrate the cuticle, mycelial colonies develop in the pseudocoelom and ultimately some of the vegetative cells differentiate into spores which fill the body cavity. Infected nematodes do not reproduce (Mankau & Imbriani, 1975; Imbriani & Mankau, 1977; Sayre & Wergin, 1977) . Although B. penetrans has the attributes of a successful biological control agent against root-knot nematodes (Mankau, 1973) , suitable techniques for its mass culture are required before it can be adequately tested in the field.
Despite speculation that B. penetrans might be cultured in vitro (Mankau, 1975 ) subsequent attempts to achieve this have failed (Mankau, pers. comm.) . Instead, previous workers used spore infested soil as a source of the parasite (Mankau, 1973; Mankau & Prasad, 1977; Dutky & Sayre, 1978) . This material took several years to produce (Mankau & Prasad, 1977) and was inconvenient to transport and handle readily. This paper describes a method of increasing B. penetrans rapidly to produce a preparation which can be stored and distributed easily. It also describes a method of assaying differences in the infective capacity of various preparations and explores the potential of using this material for the biological control of root-knot nematodes.
MATERIALS AND METHODS
Multiplication of the parasite. Spore suspensions of B. penetrans were obtained by dissecting infected females from roots and crushing them in water. Newly hatched second-stage juveniles of Meloidogyne Javanica were added to such spore suspensions and left for 24 hrs in a shallow dish. Nematodes which remained in spore suspensions containing between 0.5 x 106 and 3 x 106 spores/ml (as measured with a haemocytometer) usually had between one and ten spores attached after 24 hours.
Tomato plants in pots in a glasshouse maintained at 27° were inoculated with about 5000 infested juveniles.
After 7-8 weeks the root systems were removed, air-dried and ground with a laboratory grinder until they passed through a 710itm sieve. This dried, ground root material served as a source of B. penetrans.
To multiply the parasite further this material was ground in water with a mortar and pestle, root fragments were sieved out with a 25 ¡tm sieve and Meloidogyne juveniles were added to the liquid which passed through the sieve. The spore suspension containing nematodes was agitated by bubbling air through it and a sample was removed periodically to determine when all nematodes were infested with spores. They were then pipetted around the roots of tomato plants.
Potency of parasite preparation. Since variations may occur at many stages in the production of each parasite preparation, the following bioassay was developed to estimate the relative infective capacity (potency) of different preparations.
A one gram sample of a preparation was ground in 125 ml water with a mortar and pestle and most of the root debris removed by pouring the slurry through a 25 ¡tm sieve. The spore suspension was diluted serially with water and M.
javanica juveniles added in water to produce a dilution series containing 2000, 1000, 500, etc. mg of each preparation/litre H20. One hundred ml of each dilution (containing 50 juveniles/ml) was agitated for 22 hrs by bubbling air through it at a rate of 25 ml/sec. The number of nematodes with spores attached was counted in a sub-sample from each dilution. Test of parasite preparation in soil. To determine whether parasite material prepared as described contained sufficient spores to infest nematodes when incorporated into soil at rates which might be attainable in the field, the parasite was mixed with sandy soil at rates of 10, 40, 70 and 100 mg parasite preparation/kg soil. One thousand second-stage juveniles of M. Javanica were added to two replicate 25 g samples of each soil mixture, and extracted 24 hrs later using a sieving and centrifugation technique modified from Caveness & Jensen (1955) . Nematodes were observed for the presence of B. penetrans spores.
RESULTS AND DISCUSSION
Multiplication of the parasite. The technique produced material which contained a high concentration of B. penetrans spores but was light, easily handled and stored. Some preparations were stored in unsealed containers at room temperatures for 6 months without obvious loss of infectivity. Previous work with spore infested soil suggested that infectivity would be retained for much
